CONTEXT: Prescription drug costs are a major component of health care expenditures, yet resources to support evidence-based prescribing are not widely available.
OBJECTIVE:
To evaluate the effectiveness of computerized prescribing alerts, with or without physician-led group educational sessions, to reduce the prescribing of heavily marketed hypnotic medications.
DESIGN:
Cluster-randomized controlled trial.
SETTING:
We randomly allocated 14 internal medicine practice sites to receive usual care, computerized prescribing alerts alone, or alerts plus group educational sessions.
MEASUREMENTS: Proportion of heavily marketed hypnotics prescribed before and after the implementation of computerized alerts and educational sessions.
MAIN RESULTS:
The activation of computerized alerts held the prescribing of heavily marketed hypnotic medications at pre-intervention levels in both the alert-only group (adjusted risk ratio [RR] 0.97; 95% CI 0.82-1.14) and the alert-plus-education group (RR 0.98; 95% CI 0.83-1.17) while the usual-care group experienced an increase in prescribing (RR 1.31; 95% CI 1.08-1.60). Compared to the usual-care group, the relative risk of prescribing heavily marketed medications was less in both the alert-group (Ratio of risk ratios [RRR] 0.74; 95% CI 0.57-0.96) and the alert-pluseducation group (RRR 0.74; 95% CI 0.58-0.97). The prescribing of heavily marketed medications was similar in the alert-group and alert-plus-education group (RRR 1.02; 95% CI 0.80-1.29). Most clinicians reported that the alerts provided useful prescribing information (88%) and did not interfere with daily workflow (70%).
CONCLUSIONS:
Computerized decision support is an effective tool to reduce the prescribing of heavily marketed hypnotic medications in ambulatory care settings.
pharmaceutical industry spent over $29 billion to promote medications to consumers and health care professionals. [3] [4] [5] [6] While the merits of pharmaceutical advertising have been intensely debated, concerns remain that advertising may lead to clinically unnecessary and overly expensive treatments. 4, [7] [8] [9] Despite rising pharmaceutical costs, resources to support evidence-based prescribing and to offset the pharmaceutical industry's consumer and prescriber marketing efforts are not widely available. Computerized prescribing alerts and decision-support tools have been shown to improve the safety of prescribing in numerous settings [10] [11] [12] [13] [14] [15] and promote the use of formulary medications in the inpatient setting, 16 but their ability to support prescribing around heavily marketed medications in the ambulatory setting has not been evaluated. In 2004, the pharmaceutical manufacturer Warner-Lambert, now a subsidiary of Pfizer Inc., plead guilty to allegations of illegally marketing the drug Neurontin® (gabapentin). 17, 18 The settlement provided for the establishment of the Consumer and Prescriber Education Grant Program with the goal of developing programs to provide information to health care professionals and consumers about prescription drugs. 18 This study is one of the Program's early initiatives. We evaluated the use of computerized prescribing alerts, with and without physician-led educational sessions, to reduce the prescribing of heavily marketed hypnotic medications in the ambulatory setting. The intervention targeted Electronic supplementary material The online version of this article (doi:10.1007/s11606-009-1013-x) contains supplementary material, which is available to authorized users. these agents because they were the most heavily marketed medication class in 2006. 1, 4, 19 We hypothesized that computerized decision support would decrease the prescribing of heavily marketed hypnotic medications and that group educational sessions would enhance that effect.
METHODS

Setting and Study Design
We carried out a cluster-randomized controlled trial at 14 internal medicine practice sites within Harvard Vanguard Medical Associates (HVMA), a large multi-specialty group practice. We assessed the effectiveness of prescribing alerts, with and without physician-led educational sessions, to reduce the prescribing of heavily marketed hypnotic medications. We randomized practice sites to receive computerized alerts alone, alerts plus educational sessions, or usual care ( Fig. 1 ). Usual care consisted of an alert stating only the copayment tier of the medication (1, 2, or 3 -corresponding to the out-of-pocket cost of the medication incurred by the patient). The statistician (FZ) used a random number generator in SAS to assign clinical sites to study groups while accounting for the total number of physicians at each site.
Once the random assignments were made, the other investigators were informed of assignments to allow for planning of the educational sessions and activation of the alerts. We targeted Ambien CR® (zolpidem tartrate extended release), Lunesta® (eszopiclone), Sonata® (zaleplon), and Rozerem® (ramelteon) due to the high intensity of direct-toconsumer and direct-to-prescriber marketing of these medications in 2006 
Prescribing Alerts
HVMA has used an electronic health record, Epic® (Epic Systems Corporation, Verona, Wisconsin), for all ambulatory patient encounters since 1997. When Epic® was installed, use of its integrated electronic prescribing functionality was mandated and paper prescriptions were eliminated. As such, handwritten prescriptions have constituted far less than 1% of all prescriptions written over the past decade. Clinicians can still telephone prescriptions to non-HVMA pharmacies without generating an electronic prescription in Epic®; however, these prescriptions are rare-accounting for less than 1% of prescriptions in internal medicine at HVMA over the past 5 years.
We developed a novel decision support system that was based on the Best Practice® and SmartSet® platforms available in Epic®. Any new prescription for a study medication (Ambien CR®, Lunesta®, Sonata®, or Rozerem®) triggered an alert. We considered a new prescription to be one which was not previously prescribed within Epic®. To prevent clinicians from repeatedly receiving alerts for the same patient, we did not activate alerts for subsequent refills of study medications. The alert began by recommending an alternative medication, prompting the prescribing clinician to continue to an Epic® SmartSet, i.e., an order set with decision-support options (Online Appendix Fig. 1 ). The decision support provided recommendations for alternative medications (zolpidem, trazodone), links to graphical summaries of current evidence from the literature, specific co-payment information, prescribing information, and patient educational materials about insomnia and sleep hygiene. The alerts also offered the ability to assign an appropriate diagnostic code and level of service to the encounter.
Group Educational Sessions
Between June and July 2007, we scheduled a group educational session at each of the four practice sites allocated to this study arm. A total of 58 internal medicine clinicians (71% of eligible clinicians; Site 1, N=12; Site 2, N=13; Site 3, N=23; Site 4, N=10) participated in the 45-minute interactive group discussions, which were led by an experienced internist (either FXC or SRS). These group educational sessions, incorporating principles of academic detailing, 21 focused on medications for insomnia, including the barriers to prescribing the agents recommended in the HVMA guidelines. The sessions also emphasized nonpharmacologic therapies, including sleep hygiene correction. Urgent care medicine providers did not attend the educational sessions due to scheduling constraints. We subsequently sent a single educational information packet via interoffice mail to each internal medicine clinician at the group educational sites; the packet included educational information on insomnia and hypnotic medications.
Survey
We performed a post-intervention survey to assess clinicians' attitudes regarding the new computerized prescribing alerts. The post-intervention survey was part of a larger survey conducted at HVMA. A total of 89 internal medicine clinicians received at least one new hypnotic alert and were eligible to respond to the questions regarding the new alerts.
Prescribing Data Collection
We obtained prescribing data through a direct query of the HVMA Epic® electronic health record. Members of the information technology team at HVMA, independent of the research team, performed the query of the electronic health record based on National Drug Codes (NDC) for all generic and trade names and all strengths of the study medications.
Outcomes and Statistical Analysis
Our primary outcome was the proportion of prescriptions for hypnotic medications that were for heavily marketed medications (i.e. study medications/study medications plus zolpidem and trazodone). We used binomial regression with generalized estimating equations to compare the proportion of heavily marketed medications prescribed before and after the activation of alerts in each study group and the usual care group. We used binomial regression models to calculate risk ratios (RR) rather than odds ratios (OR) based on previously validated methods. 22 The models corrected for clustering within practice sites and for repeated pre-and post-intervention measurements for each provider. In addition the models controlled for clinician age, gender, full-time status (≥ 0.75 full-time equivalent [FTE]), years in practice, role (advanced practice clinician [nurse practitioner, physician assistant] or physician), and whether the prescribing clinician was a primary care or urgent care physician. We used an interaction term (ratio of adjusted risk ratios) to compare the differences in prescribing before and after the intervention between the study groups and the usual care group. We also analyzed data directly from the activation of alerts and performed stratified analyses of factors correlated with alert-induced prescribing change. Figure 1 . Study Flow Diagram * Clinicians did not receive prescribing alerts for refills for medications begun prior to the initiation of the study or if they joined HMVA after the initiation of the study † Analyses performed on group level data; Actual number of clinicians in each group may vary during the study period based on newly hired clinicians or clinicians leaving the practice.
We performed all analysis based on the original intention to treat (Fig. 1) . All tests were two-tailed, with p<0.05 used to determine statistical significance, and performed using SAS version 9.1.
RESULTS
Study Groups
Of the 257 internal medicine clinicians included in this study, 179 providers prescribed one or more heavily market hypnotic medication during the study period from 3/11/2007 to 3/ 10/2008. Eighty-nine internal medicine providers received at least one alert, with a total of 245 alerts activated during the study period. Characteristics of the study groups are listed in Table 1 . There were more internal medicine clinicians in the alert plus education group compared to the alert-only or control groups, and the alert-only group had a higher percentage of full-time providers. Other group characteristics were balanced.
Computerized Alerts and Group Educational Sessions
The numbers of prescriptions for Ambien CR®, Lunesta®, Rozerem®, and Sonata® increased sharply in mid-2005 as these medications became increasingly available. There were 1,111 prescriptions for heavily marketed hypnotics during the baseline period (3/11/2006-3/10/2007) and 1,107 prescriptions after the prescribing alerts were activated (3/11/2007-3/10/2008). The activation of computerized prescribing alerts held the proportion of heavily marketed medications prescribed at pre-intervention levels in the alert-only and alertplus-education groups (Fig. 2 a and b) . At the same time, the usual-care sites experienced an increase in the proportion of heavily marketed hypnotic medications prescribed ( Fig. 2a  and b) . Table 2 shows the results of the binomial regression analysis with generalized estimating equations to control for clustering at the level of the physician as well as physicianlevel covariates. Compared to the baseline period, the usualcare group experienced an increase in the total proportion of heavily marketed hypnotic medications prescribed. Over the same time period, the proportion of heavily marketed hypnotic medications prescribed in the intervention groups remained stable ( Table 2 ). Comparing the adjusted risk ratios between study groups, the relative risk of prescribing heavily marketed medications in the alert-group during the intervention period was less than in the usual-care group (Ratio of risk ratios (RRR) 0.74; 95% CI 0.57-0.96; P=0.02). Similarly, the relative risk of prescribing heavily marketed hypnotics in the alertplus-education group was less than in the usual-care group (RRR 0.74; 95% CI 0.58-0.97, P=0.03). The prescribing of heavily marketed medications was similar in the alert-only group and the alert-plus-education group (RRR 1.02; 95% CI 0.80 -1.29; P=0.90).
Overall, 23.3% (57/245) of prescriptions for heavily marketed hypnotics that activated an electronic alert were changed to a generic equivalent. The efficacy of the alerts did not vary by type of encounter (office visit, urgent care, telephone), clinician age, gender, full-time status, role (MD/DO or NP/PA), practice location (inside vs. outside Boston), or whether the site received group educational sessions (data not shown).
Survey
Among 89 internal medicine clinicians who received the new hypnotic alerts, a total of 51 (57.3%) responded to questions regarding the new prescribing alerts (Table 3) .
DISCUSSION
In the setting of rising medication costs and influential marketing from the pharmaceutical industry, clinicians increasingly need real-time access to evidence-based information to support prescribing decisions. This study demonstrates that computerized decision support can limit the prescribing of heavily marketed medications in a community-based ambulatory care setting.
Prior studies have demonstrated that computerized prescribing alerts prevent medication errors, reduce the prescribing of inappropriate medications in the elderly, guide dosing in patients with renal insufficiency, limit hypnotic and anticholinergics in hospitalized elderly, and promote the use of formulary medications in the inpatient setting. [10] [11] [12] [13] [14] [15] [16] 23 The present study extends this work by demonstrating the effectiveness of computerized alerts to support prescribing decisions surrounding heavily marketed medications in the ambulatory setting. In a system where physicians are frequently unaware of patients' out-of-pocket medication expenses 24, 25 and infrequently discuss costs with patients, 26 the novel use of computerized alerts to prompt discussions regarding alternative treatment options offers a potential solution to limit unnecessarily expensive treatments. Overall, the computerized alerts were well received by the clinicians surveyed. The majority reported that the alerts provided useful evidence to support prescribing decisions and relevant patient educational materials. Many clinicians also indicated that the alerts prompted them to spend more time discussing alternative treatments with patients. Following principles of effective decision support, 27-29 the alerts were designed to limit disruptions in workflow by allowing the clinician to prescribe the original or alternative medications, quickly access references, and document the level of service and diagnosis codes for the visit. Furthermore, refills for medications were not subject to the alert, preventing clinicians from repeatedly receiving the same alert for the same patient. Selectively implementing streamlined computerized alerts with diverse functionality is essential to maximizing the alerts' effectiveness and clinician acceptance.
28-30
We did not find an additional effect of educational sessions and educational mailings beyond the effect of the alerts alone. The group educational sessions were focused on providing current prescribing information and facilitating discussions around the use of heavily marketed medications and less costly alternatives. While traditional academic detailing has been effective in improving health care quality in several settings, [31] [32] [33] [34] its use in combination with computerized alerts has not demonstrated additive benefit in two prior studies. 11, 12, 31 Nevertheless, group educational sessions remain an enticing option to change physician behavior. While we did not detect an additive effect of a single group-based educational session, we are unable to determine if more intensive sessions-for example, multiple sessions over time, or individual (one-on-one) detailing -would have been more effective.
In the setting of escalating medication costs, the use of computerized alerts to support prescribing offers the potential for significant cost savings. In 2007, total sales of Lunesta® exceeded $600 million dollars 35 while sales of Ambien CR® surpassed $751 million dollars. 36 Substituting generic agents for even a small fraction of prescriptions for heavily marketed hypnotics would translate into considerable savings to the health care system. This study has several limitations. First, this study evaluated a single class of medications. There are, however, numerous classes of medications with comparably effective generic equivalents that would be potentially amenable to similar interventions. Second, the alerts were not activated for physicians joining HVMA after the initiation of the study. This may have led to an underestimation of the effect of the alerts. Furthermore, encounters for medication refills were not subject to the alert, preventing clinicians from repeatedly receiving the same alert for the same patient, but further dampening the potential effect of the alerts. Third, the group educational sessions were limited to a single meeting and did not include urgent care providers, limiting the potential efficacy of this educational intervention. Fourth, our data collection was limited to one year after the activation of alerts. Although there was no apparent increasing trend in the number of heavily marketed hypnotics prescribed in the intervention groups during the one year intervention period, we are unable to determine if the effects of the alerts will diminish over time. Lastly, the generalizability of computerized prescribing alerts is limited to clinical settings with electronic prescribing linked to the capability of real-time clinical decision-support. Although a minority of practices have these capabilities at present, 37 recent studies have shown encouraging trends of increasing adoption of electronic health records in ambulatory settings. 38, 39 Moreover, American Recovery and Reinvestment Act of 2009 includes more than $19 billion in financial incentives to speed EHR adoption in the coming years. In summary, we found that computerized decision support is an effective tool to reduce the prescribing of heavily marketed medications in ambulatory care settings. The alerts held the prescribing of heavily marketed hypnotic medications at pre-intervention levels while the control group experienced an increase in the proportion prescribed. The addition of group educational sessions, however, yielded similar results to the alerts alone. In the setting of escalating medication costs, clinicians increasingly need tools to provide current prescribing information and facilitate discussions surrounding alternative treatment options. Computerized alerts offer an adaptable platform to support evidence-based prescribing and limit the external influences of pharmaceutical marketing. 
